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© Method of manufacturing a planar optical component. 
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© Grooves are etched in a glass substrate, using a 
metallic mask, after which the substrate is coated 
with a layer of glass having a refractive index which 
is higher than that of the substrate, the groove being 
filled completely. Excess glass is removed, the me- 
tallic mask being used as a stop layer and a protec- 
J^Itive layer being provided at the location of the filled 
^grooves. Excess glass is removed at the location of 
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"Method of manufacturing a planar optical component" 



The invention relates to a method of manufac- 
turing a planar optical component in which at least 
one groove is etched in a glass substrate, use 
being made of a metallic mask which is applied to 
the substrate, after which the substrate is covered 
with a layer of glass having a refractive index which 
is higher than that of the substrate, the groove 
being filled entirely, after which excesfe glass is 
removed. 

A similar method is described in the published 
Japanese Patent Application JP 56-135808. in 
which quartz glass is used as a substrate and a 
titanium layer having a thickness, of 1 urn is used 
as a mask. After grooves have been etched with a 
depth of 10 urn, the titanium, layer is removed by 
means of plasma etching. Subsequently, a layer of 
glass having a high refractive index is applied by 
means of chemical deposition from the vapour 
phase, after which a heating step is carried out to 
fuse the glass particles into a glass layer having a 
thickness of 30 am, which glass layer contains 
recesses of approximately 2 um at the surface 
over the grooves. Then, the excess glass is re- 
moved from the entire surface, at least up tp the 
original surface of the substrate, by means of plas- 
ma etching. Finally, a protective layer of glass is 
applied having a refractive index which is equal to 
that of the substrate, for example, by means of 
chemical deposition from the vapour phase. 

The known method enables patterns to be 
manufactured with a high lateral accuracy, for ex- 
ample with lines having a width from 1 to 5 um. 
but a high accuracy as regards depth cannot be 
attained. 

It is an object of the invention to provide a 
method of manufacturing planar optical compo- 
nents, enabling optical waveguides to be manufac- 
tured with a high accuracy as regards both width 
and depth. 

This object is achieved by a method as de- 
scribed in the opening paragraph, which method 
according to the invention is characterized in that 
the metallic mask is not removed before providing 
the glass having a high refractive index, the metal- 
lic mask serving as a stop layer during the removal 
of excess glass by etching, the glass provided 
being protected against etching at the location of 
the groove by a protective layer which has been 
applied according to a pattern, and the excess 
glass at the location of the filled groove being 
removed by polishing. 

Preferably, the metallic mask is partly removed 
after the grooves have been etched, the substrate 
being cleared along the edges of the grooves. 
Preferably, the patterned protective layer is also 



removed prior to polishing. 

In a particularly suitable embodiment of th 
method according to the invention, a molybdenum 
layer is used as a metallic mask. 
5 The desired accuracy of the pattern is attained 

in the manufacture of the metallic mask, for exam- 
ple, by means of a photoresist. Less accuracy is 
required in clearing the edges of the grooves and 
applying the patterned protective layer. Also the 

70' positioning of the various patterns relative to each 
other can be carried out without any problem in the 
method according to the invention. 

The desired accuracy as regards depth is at- 
tained in 1 that the metallic, mask serves as a stop 

is layer so that the removal of excess glass stops at 
the original surface of the substrate. At this stage, 
there remains a quantity of excess glass over the 
grooves. Since the surface of the substrate is 
largely flat, the excess material can be removed by 

20 polishing, the effectiveness of the polishing opera- 
tion decreasing strongly at the moment that the 
surface of the glass in the grooves is flush with the 
surface of the substrate; at which instant the polish- 
ing operation is terminated. Such a degree of accu- 

25 racy cannot be attained by removing all excess 
glass by polishing, as is described in the published 
Japanese Patent Application Jp 53-70839, because 
there is no clear transition at the instant that the 
substrate is reached. Moreover, the flatness of the 

30 optical component would be endangered. 

The glass having the high refractive index can 
be formed according to the invention by high- 
frequency sputtering of a silicon oxide target plate 
in an argon atmosphere at a pressure of at least 1 

35 Pa. the substrate being at a positive electric poten- 
tial. Another suitable method which is known ger se 
is chemical deposition from the vapour phase un- 
der the influence of a plasma. 

Quartz glass is a very suitable substrate ma- 

40 terial. The glass having the high refractive index 
can then be formed by means of chemical deposi- 
tion from the vapour phase, a doping of nitrogen or 
germanium dioxide being applied. The glass having 
the high refractive index can alternatively be ob- 

45 tained by sputtering using a target plate of silicon 
dioxide which is doped with germanium dioxide. 

In another suitable embodiment of the method 
according to the invention, the substrate consists of 
fluonne-doped quartz glass and the glass having 

so the high refractive index consists of silicon dioxide 
which is provided by sputtering. Fluorine-doped 
quartz glass has a relatively low refractive index so 
that it becomes possible to a limited extent to 
adapt the sputtering conditions in order to obtain 
optimum light conductor properties, for example as 
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regards attenuation. 

The invention will now be explained in more 
detail by means of examples and a drawing, in 
which 

Figs. 1 & - [ are schematic representations of a 
number of steps in the method according to the 
invention. 



Example 1 

Fig. 1a) shows a substrate 1 of glass, quartz 
glass in the present example, carrying a layer of 
molybdenum 2 having a thickness of 0.6 um. if 
desired, molybdenum can be replaced by, for ex- 
ample, titanium or silicon. According to the present 
example, the layer, is provided by means of sput- 
tering. If silicon is used, the, layer may also be 
applied by, for example, chemical deposition from 
the vapour phase. 

A photoresist pattern is formed using a cus- 
tomary UV sensitive photoresist material on the 
basis of novolak, and by means of UV contact 
exposure and local dissolution in a diluted solution 
of NaOH in water. Apertures are etched in the 
molybdenum layer according to a pattern by 
means of a mixture of phosphoric acid and nitric 
acid. Subsequently, a groove 3 is formed in the 
substrate l by means of reactive ion , etching 
(anisotropic), said groove having a diameter of, for 
example, 6x6 um, see Fig. lb. 

Subsequently, the molybdenum is removed 
along the edges of the grooves, again by means of 
a photoresist, exposure and local dissolution, see 
Fig. 1c, which step may- be carried out with a 
relatively low accuracy as regards width and posi- 
tion, i.e. in comparison with the step in which the 
grooves are formed. The width of the molybdenum- 
free track 4 amounts to approximately 20 um. 

A layer of silicon dioxide 5 having a thickness 
of 7 um is applied by means of high-frequency 
sputtering (frequency 13.6 MHz) in an argon at- 
mosphere at a pressure of 3 Pa, see Fig. id). The 
target plate consists of quartz glass. The material 
deposited obtains a higher refractive index than the 
substrate material due to the use of a relatively 
high argon pressure and by applying a bias voltage 
to the substrate, for example a voltage of 20% of 
the voltage between the target plate and the sub- 
strate plate. If desired, a high refractive index can 
also be obtained by using a target plate consisting 
of silicon dioxide with a germanium-dioxide doping. 
The groove 3 is filled completely. The surface of 
the layer 5 may have recesses 6 at the location of 
the groove, in particular at locations where grooves 
intersect or meet The differences in height gen- 
erally amount to less than 6 um. 

An adhesive layer 7 of molybdenum with a 



thickness of 35 nm is provided by means of sput- 
tering. Said adhesive layer is coated with a protec- 
tive layer 8 of a photoresist which is exposed 
according to a pattern and developed, after which 
5 the molybdenum released is removed. The glass 
layer 5 remains covered at the location of the 
grooves, see Fig. 1e). a relatively low positional 
accuracy being sufficient. The width of the protec- 
tive layer 8 is larger than the corresponding ap- 

w erture in the stop layer 2. 

The unprotected parts of the glass layer 5 are 
dissolved by means of wet chemical etching in 
hydrofluoric acid (concentration 4% of HF, prefer- 
ably in a buffer solution), the molybdenum layer 2 

75 serving as a stop layer for the etching process, see 
Fig. 1f), for which reason the etching time is not 
critical. Subsequently, the residual photoresist and 
molybdenum are removed by dissolving them in 
acetone and a mixture of phosphoric acid and nitric 

20 acid, respectively, see Fig. ig). 

The intermediate product thus obtained is a flat 
substrate containing raised portions in a small part 
of its surface. These are removed by polishing 
using suspension of S1O2 particles having dimen- 

25 sions of approximately 20 nm in a NaOH solution 
having a pH-value of approximately 10.5, see Fig. 
1h). As soon as the raised portions have been 
removed, the effectiveness of the polishing opera- 
tion decreased rapidly so that a flat surface is 

30 obtained, the. decrease of the substrate thickness 
being considerably less than 1 um. 

If desired, a protective layer 10 of quartz glass 
is provided, see Fig. 1i), for example, in a cus- 
tomary manner by means of chemical deposition 

35 from the vapour phase and using a plasma so that 
a high deposition rate can be obtained. The com- 
position of the protective layer is selected so that 
the refractive index is smaller than that of the 
material used to fill up the grooves. 

40 The material provided by chemical deposition 

is fused into a homogeneous layer at a tempera- 
ture which is lower than the temperature at which 
the glass of the optical waveguide can deform, for 
example at 1100 to 1200* C. The latter step is 

45 superfluous if the protective layer is provided by 
means of chemical deposition from the vapour 
phase under the influence of a plasma. 

50 Example 2 

The method is conducted in the same way as 
in the preceding example; the glass layer 5, how- 
ever, being formed by means of chemical deposi- 
55 tion from the vapour phase, to which end SiCU , 
GeCU and oxygen and/or water vapour are intro- 
duced into a reactor. The glass particles deposited 
are fused into a glass layer at a temperature of 
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from 1400 to 1500* C. Instead of a germanium 
dioxide a nitrogen doping may alternatively be 
used to ensure that the glass layer 5. which will 
form the core glass of the optical waveguide, ob- 
tains a higher refractive index than the substrate 
material and the coating material. 

If desired, the adhesive layer 7 of molybdenum 
can be replaced by another adhesive layer, for 
example, of hexamethyldisilazane. 



Example 3 

The method is conducted in the same way as 
in the first example; the substrate 1 consisting of a 
fluorine-doped layer of quartz glass having a thick- 
ness of 20 um, which is provided on a 'quartz- 
glass carrier by means of chemical deposition from 
the vapour phase under the influence of a plasma. 
The glass layer 5 is formed by high-frequency 
sputtering using a target plate of quartz glass 
which may now have the same refractive index 
than the carrier (not shown in the drawing) to which 
the fluorine-doped substrate layer is applied. 

Optical waveguides manufactured by the meth- 
od according to the invention can suitably be used 
as single-mode light conductors. The choice of the 
groove pattern permits waveguides to be split or 
united in known manner so as to manufacture a 
planar optical component. 



Claims 

1. A method of manufacturing a planar optical 
component, in which at least one groove is etched 
in a glass substrate, use being made of a metallic 
mask which is applied to the substrate, after which 
the substrate is covered with a layer of glass 
having a refractive index which is higher than that 
of the substrate, the groove being filled entirely, 
after which excess glass is removed, characterized 
in that the metallic mask is not removed before 
providing the glass having the high refractive index, 
the metallic mask serving as a stop layer during 
the removal of excess glass by etching, the glass 
provided being protected against etching at tfie 
location of the groove by a protective layer which 
has been applied according to a pattern, and the 
excess glass at the location of the filled groove 
being removed by polishing. 

2. A method as claimed in Claimt, character- 
ized in that the metallic mask is partly removed 
after the etching of the grooves, the substrate be- 
ing cleared along the edges of the grooves. 



3. A method as claimed in Claim 1. character- 
ized in that the protective coating which' is applied 
according to a pattern is removed prior to polish- 
ing. 

s 4. A method as claimed in Claim 1, character- 

ized in that a protective layer of glass is applied 
after polishing. 

5. A method as claimed in Claim 1, character- 
ized in that a layer of molybdenum is used as a 

?o metallic mask. 

6. A method as claimed in any one of the 
Claims 1 upto and including 5, characterized in that 
the glass having the high refractive index is formed 
by high-frequency sputtering of a silicon dioxide 

75 target plate in an argon atmosphere at a pressure 
of eat least 1 Pa, the substrate being at a positive 
electric potential. 

7. A method as claimed in any one of the 
Claims 1 up to and including 5, in which the 

20 substrate consists of quartz glass, characterized in 
that the glass having the high refractive index is 
formed by means of chemical deposition from the 
vapour phase and using a nitrogen doping, 

8. A method as claimed in any one of the 
25 Claims 1 up to and including 5, in which the 

substrate consists of quart2 glass, characterized in 
that the glass having the high refractive index is 
formed by means of chemical deposition from the 
vapour phase and using a germanium dioxide dop- 
30 ing. 

9. A method as claimed in any one of the 
Claims 1 up to and including 5. in which the 
substrate consists of quartz glass, characterized in 
that the glass having the high refractive index is 

35 formed by sputtering using a target plate of silicon 
dioxide which is doped with germanium dioxide. 

10. A method as claimed in any one of the 
Claims 1 up to and including 5, characterized in 
that the substrate consists of fluorine-doped quartz 

40 glass, and in that the glass having the high refrac- 
tive index is formed by sputtering using a silicon 
dioxide target plate. 
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